Background and Objectives: Hormonal replacement therapy (HRT) is effective in treating many debilitating symptoms of menopause. However, its use in women with uterine fibroids is widely debated, based on the susceptibility of these tumors to sexual steroids. This review aims to ascertain the effects of HRT on leiomyomas development and growth in postmenopausal women. Materials and Methods: Electronic databases (i.e., MEDLINE, Scopus, ClinicalTrials.gov, EMBASE, Sciencedirect, the Cochrane Library at the CENTRAL Register of Controlled Trials, Scielo) were searched from January 1990 until May 2019. All English-written studies evaluating the impact of various HRT regimens on uterine leiomyomas were selected. Results: Seventeen papers, considering a total of 1122 participants, were included. Fifteen of these were prospective trials, of which nine were randomized controlled trials. The remaining two works were a retrospective observational trial and a retrospective case series respectively. Five studies evaluated the effects of tibolone, also comparing it with various estrogen/progestin combinations, while two were about raloxifene. Thirteen studies compared different combinations of estrogens/progestins, the most common being transdermal estrogens (used in nine studies) and medroxyprogesterone acetate at different doses (used in 10 studies). Conclusions: For women with uterine fibroids, the choice of the most appropriate HRT regimen is crucial to avoid leiomyomas growth and the symptoms possibly related to it. Available data are conflicting, but suggest that uterine fibroids might be influenced by HRT, without representing an absolute contraindication to hormonal replacement therapy. Women with uterine fibroids subjected to HRT should be periodically examined and hormonal treatment should be discontinued if leiomyomas appear to increase in size. Moreover, the minimal effective dose of progestin should be employed.
Introduction
Leiomyomas are the most common benign uterine neoplasms, affecting up to 80% of reproductive age women and causing morbidity in up to 30% of them [1] [2] [3] [4] . Their exact etiology remains unclear, but some studies suggest that fibroids are monoclonal tumors originating from a single myocyte [5] . Many risk factors have been linked to leiomyomas, such as African-American ethnicity, older age, younger age at menarche and nulliparity [6] [7] [8] . Symptoms associated with uterine fibroids can vary widely among women, based on their size and location. Abnormal uterine bleeding, pelvic pain or pressure, bloating, urinary frequency and constipation/tenesmus are some of the most frequent complaints [9] [10] [11] [12] .
It is well established that uterine leiomyomas are hormone-dependent masses. In fact, they show a tendency to enlargement during reproductive age, have never been observed before menarche and tend to shrink after menopause [13, 14] . Moreover, the administration of estrogen-progestin was shown to lead to myomas growth during reproductive age [15, 16] .
Fibroids growth appears to be influenced both by ovarian steroidogenesis and by estrogen produced in situ, by conversion of local androgens to estrogens by aromatase [1] . Interestingly, aromatase mRNA was detected in more than 90% of uterine fibroids, but not in the myometrium of women without them, suggesting a key-role in leiomyomas growth [1, 17] . Several studies have confirmed the presence of estrogen receptors in fibromatous tissue, with a pattern that differs from normal myometrium, since mRNA expression of estrogen receptors is reportedly greater in leiomyomas [18, 19] . Also, the reactivity of uterine leiomyomas to estrogens appear to be strongly related with the increase of their receptors on uterine myoma tissue [16, 18] . Uterine fibroids demonstrate a growth pattern that seems to parallel the physiological changes in serum estradiol levels [14] .
Progestins may also play a crucial role in the development and growth of uterine leiomyomas [20] , as proved by their mitotic index, which is increased in the luteal phase of the menstrual cycle [19] . Furthermore, progesterone receptors are overexpressed in fibromatous tissue compared to healthy surrounding myometrium [21] [22] [23] , especially in smaller fibroids [24] . The importance of progestins in leiomyomas growth is further proven by the regression of uterine fibroids under treatment with antiprogesterone drugs, such as mifepristone and ulipristal acetate.
Based on this, the use of hormonal replacement therapy (HRT) in women affected by fibroids has been widely debated, and the previous diagnosis of leiomyomas has even been considered as a relative contraindication to the prescription of HRT. In fact, uterine fibroids tend to shrink during menopause and often become asymptomatic, thus requiring no treatment in the majority of patients [13, 14] . Specific therapy is reserved only to large fibroids or leiomyomas that continue to grow after menopause and, in this age group is usually represented by total hysterectomy [12] .
With the increase in life expectancy, it is estimated that 1.2 billion women worldwide will reach menopause by 2030 [25] . Menopause is a physiological event in a woman's life, but it carries a significant burden, causing unpleasant and debilitating symptoms in up to 60% of women, the most common being vasomotor symptoms, genitourinary syndrome of menopause, osteoporosis, insomnia, depression and weight gain [21, 26] . Current literature suggest that menopausal symptoms might be the result of the reduction of estrogen levels and (HRT) has proven itself effective in treating many of these symptoms.
In light of this, HRT use in menopausal women with fibroids is controversial, because of the possible role of estrogens and progestins on myomas growth. Therefore, the aim of this state-of-the-art review is to revise current literature on the possible implications of HRT on leiomyomas development, growth and symptoms in postmenopausal women.
Materials and Methods

Search Strategy and Selection Criteria
To identify relevant papers for inclusion in our literature review, a thorough search of Electronic databases (i.e., MEDLINE, Scopus, ClinicalTrials.gov, EMBASE, Sciencedirect, the Cochrane Library at the CENTRAL Register of Controlled Trials, Scielo) was performed from January 1990 until May 2019. Search terms used were the following text words: "menopause," "uterine leiomyomas", "hormonal replacement therapy", "menopause hormonal therapy", "uterine fibroids." Only English-written papers were considered for this review. No restrictions for geographic location were applied. In addition, the reference lists of all identified articles were examined to identify studies not captured by electronic searches. The electronic search and the eligibility of the studies were independently assessed by three authors (E.D.E., G.B., F.M.). Final inclusion was decided after detailed examination of the studies. Differences were discussed, and consensus reached. We included all randomized clinical trials, retrospective studies, literature reviews and case reports and series dealing with the use of hormonal replacement therapy in menopause in patients with evidence of uterine leiomyomas.
Results
Twenty-three articles were identified as relevant papers employing the research strategy mentioned above Figure 1 . Of these, seventeen articles were selected to be included in our review based on the aforementioned criteria, comprehending a total of 1122 women. In particular, 15 studies were prospective trials, of which nine were randomized controlled trials. The remaining two papers were an observational retrospective study and a retrospective case series report. Five papers analyzed the effects of tibolone, either alone [27] or compared to no treatment [19] or to various combinations of estrogens/progestogens [28] [29] [30] , and two studies compared the effects of raloxifene to placebo [31, 32] . As for estrogens, transdermal 17-β-estradiol was the most used method [14, 18, 29, 30, [33] [34] [35] [36] [37] , followed by conjugated equine estrogen (CEE) [14, 18, 28, 37, 38] , estradiol-17-valerate [18, 35, 39] and micronized estradiol [37, 40] . Regarding progestogens, medroxyprogesterone acetate (MPA) was the most common, and was used at different doses: 10 mg [29, [35] [36] [37] , 5 mg [14, 18, 28, 38, 40] and 2.5 mg [14, 34, 37, 40] . Other HRT regimens included nomegestrol acetate [33] , prasteronenantate via intramuscular injection [39] , micronized progesterone [18, 37] , cyproterone acetate [35] and norethisterone acetate [30] . Eleven studies had a follow-up period of 12 months, 2 of 36 months and one of 24 months. The remaining three studies considered periods of 6 months, 3 months and a mean period of 19.7 ± 6.3 months, respectively. Data from all articles are presented in Table 1 and summarized in Figure 2 . of the studies. Differences were discussed, and consensus reached. We included all randomized clinical trials, retrospective studies, literature reviews and case reports and series dealing with the use of hormonal replacement therapy in menopause in patients with evidence of uterine leiomyomas.
Twenty-three articles were identified as relevant papers employing the research strategy mentioned above Figure 1 . Of these, seventeen articles were selected to be included in our review based on the aforementioned criteria, comprehending a total of 1122 women. In particular, 15 studies were prospective trials, of which nine were randomized controlled trials. The remaining two papers were an observational retrospective study and a retrospective case series report. Five papers analyzed the effects of tibolone, either alone [27] or compared to no treatment [19] or to various combinations of estrogens/progestogens [28] [29] [30] , and two studies compared the effects of raloxifene to placebo [31, 32] . As for estrogens, transdermal 17-β-estradiol was the most used method [14, 18, 29, 30, [33] [34] [35] [36] [37] , followed by conjugated equine estrogen (CEE) [14, 18, 28, 37, 38] , estradiol-17-valerate [18, 35, 39] and micronized estradiol [37, 40] . Regarding progestogens, medroxyprogesterone acetate (MPA) was the most common, and was used at different doses: 10 mg [29, [35] [36] [37] , 5 mg [14, 18, 28, 38, 40] and 2.5 mg [14, 34, 37, 40] . Other HRT regimens included nomegestrol acetate [33] , prasteronenantate via intramuscular injection [39] , micronized progesterone [18, 37] , cyproterone acetate [35] and norethisterone acetate [30] . Eleven studies had a follow-up period of 12 months, 2 of 36 months and one of 24 months. The remaining three studies considered periods of 6 months, 3 months and a mean period of 19.7 ± 6.3 months, respectively. Data from all articles are presented in Table 1 and summarized in Figure 2 . 
Tibolone
Tibolone is a synthetic steroid which, after conversion into active metabolites, exerts weak estrogenic, androgenic and progestogenic effects [19] . In particular, tibolone helps to preserve bone mineral density, improve female sexual function and relieve vasomotor symptoms [21] . Lacking a stimulatory effect on the endometrium, it reduces the incidence of spotting and abnormal uterine bleeding [41] , and makes the concurrent administration of progestogens unnecessary.
Gregoriou et al. analyzed the influence of a 2.5 mg/day tibolone regimen in post-menopausal women with leiomyomas in two studies [19, 27] . In a prospective, randomized controlled trial [19] 40 naturally menopausal women were randomized into two groups of 20 women each: group A received therapy, whereas group B did not receive any treatment. After one-year follow-up, the mean volume of fibroids in both groups was slightly reduced, but with no statistical significance. Moreover, the number of women with increased, unchanged and decreased myoma volume were comparable between the two groups. In a subsequent study [27] , Gregoriou et al. analyzed the effects of the same treatment protocol on three different groups of women (based on the presence and mean diameter of uterine fibroids) over a period of 3 years. In addition to myoma mean volume, the authors evaluated also uterine blood flow patterns, measuring the pulsatility index (PI) of the uterine arteries. As found by other authors, normal uteri showed higher vascular resistances compared to fibromatous uteri, which had significantly lower PIs. After 3 years, myoma volume was not significantly different from baseline. On the other hand, after 6 months of tibolone administration, the PI value in women without fibroids showed a significant reduction when compared to baseline values, and it remained unchanged until the end of the study. In the same period, the mean PI values in women with smaller and larger fibroids increased significantly (1.62 ± 0.25 to 1.86 ± 0.20 and 1.72 ± 0.23 to 1.94 ± 0.20, p < 0.01). No differences were noted between the mean PI values of growing and stable fibromas in groups B and C. 
Gregoriou et al. analyzed the influence of a 2.5 mg/day tibolone regimen in post-menopausal women with leiomyomas in two studies [19, 27] . In a prospective, randomized controlled trial [19] 40 naturally menopausal women were randomized into two groups of 20 women each: group A received therapy, whereas group B did not receive any treatment. After one-year follow-up, the mean volume of fibroids in both groups was slightly reduced, but with no statistical significance. Moreover, the number of women with increased, unchanged and decreased myoma volume were comparable between the two groups. In a subsequent study [27] , Gregoriou et al. analyzed the effects of the same treatment protocol on three different groups of women (based on the presence and mean diameter of uterine fibroids) over a period of 3 years. In addition to myoma mean volume, the authors evaluated also uterine blood flow patterns, measuring the pulsatility index (PI) of the uterine arteries. As found by other authors, normal uteri showed higher vascular resistances compared to fibromatous uteri, which had significantly lower PIs. After 3 years, myoma volume was not significantly different from baseline. On the other hand, after 6 months of tibolone administration, the PI value in women without fibroids showed a significant reduction when compared to baseline values, and it remained unchanged until the end of the study. In the same period, the mean PI values in women with smaller and larger fibroids increased significantly (1.62 ± 0.25 to 1.86 ± 0.20 and 1.72 ± 0.23 to 1.94 ± 0.20, p < 0.01). No differences were noted between the mean PI values of growing and stable fibromas in In a randomized controlled trial, De Aloysio et al. [28] compared the effects of 2.5 mg/day of Tibolone to a regimen of Conjugated Equine Estrogen (CEE) 0.625 mg/day plus medroxyprogesterone acetate (MPA) 5 mg/day for 12 cycles on myomas size and patients' bleeding patterns. According to their findings, there were no statistical differences in terms of fibroids size at the end of treatment. Moreover, women in both groups had a reduced incidence of spotting and irregular bleeding after 12 cycles compared to baseline, but this decline was more evident in the tibolone group than the CEE + MPA one (22.6% and 2.4% of the cycles vs. 29.7% and 4.7% respectively).
Fedele and colleagues [29] conducted a randomized controlled trial involving 38 menopausal women with one or more uterine myomas, all symptomatic before menopause. Women were randomly allocated to two different groups: 20 women received a transdermal estradiol-releasing system (50 mcg/day) plus oral MPA 10 mg/day, 18 women were administered tibolone 2.5 mg/day. Patients were evaluated every 3 months throughout a period of 12 months. Their data demonstrated a significant increase in myoma size and number, compared to baseline, in women treated with transdermal estradiol and MPA in the first 6 months of treatment, with a stabilization over the next 6 months. Conversely, these findings were not observed in the tibolone group. 
Mean diameters (mm)
Mean increase: 26% over the first 6 months, no further increase during the last 6 months NA * Significant difference between study groups. # Significant difference from baseline within the same study group. § Significant difference within the same study group compared to 6th, 9th and 12th cycle of treatment.
Another study conducted by Simsek et al. [30] compared the effects of tibolone 2.5 mg/day and of sequential transdermal estradiol (50 mcg/day) and norethisterone acetate 0.25 mg/day (administered for 4 and 2 weeks/month respectively). In the tibolone arm, the mean volume of myomas increased from 18.6 to 20.1 cm 3 , whereas in the transdermal estradiol arm it increased from 23.1 to 27.3 cm 3 , without any statistical significance, neither within nor between groups. Also, there was no statistical difference in terms of frequency of myomas growth, although it was slightly higher in the transdermal treatment arm (21.4% vs. 12.5%). Moreover, three women in the tibolone group and two in the transdermal one reported abnormal uterine bleeding; endometrial biopsies did not show any relevant alterations in four women, whereas an endometrial polyp was diagnosed in a patient receiving tibolone.
Estrogens/Progestins
Several studies compared different regimens of HRT in postmenopausal women with uterine fibroids. Colacurci et al. [33] studied the effects of continuous transdermal 17-beta-estradiol (50 mcg/day) plus nomegestrol acetate (5 mg/day) sequentially added on leiomyomas size and uterine arteries PI over a period of 12 months. Sixty menopausal patients were divided into 3 groups based on the presence and the dimensions of uterine leiomyomas. Women with fibroids were further divided based on the eventual growth of myomas during treatment (women in groups B1 and C1 had quiescent myomas, whereas women in groups B2 and C2 had myomas growing > 20%). After a year, myoma mean volume was slightly increased both in women with smaller and larger fibroids, but with no statistical significance when compared to baseline values (24.1 ± 20.0 vs. 28.8 ± 30.0). In accordance with data available in literature, uterine arteries PI at baseline was markedly higher in healthy uteri (2.4 ± 0.5 vs. 1.7 ± 0.2 and 1.6 ± 0.3 respectively). Moreover, the baseline PI in subgroups B1 and C1 was higher than PI in subgroups B2 and C2, but was lower than that of group A, pointing out that a very low value of uterine arteries PI might be a predictor of the risk of leiomyoma growth during HRT. Interestingly, all relevant changes in terms of PI occurred during the first 3 months of treatment and were stable in the following 9 months.
In a prospective observational trial, Frigo et al. [39] studied 50 perimenopausal women who received intramuscular injections of 4 mg estradiol-valerate and 200 mg prasteronenantate every 6-10 weeks over 12 months. The evaluation of myoma size and number at baseline and at the end of treatment showed a significant increase in both variables. In particular, myomas number increased from a median of 2.2 to 3.5, and their mean diameter grew from 29.4 mm to 35.0 mm (p < 0.001).
In a prospective non-randomized trial, Palomba et al. [34] evaluated the effects of transdermal estradiol patches (50 mcg/day) plus oral MPA (2.5 mg/day) continuously added on women with and without uterine fibroids over 1 year. Particularly, 92 menopausal women were divided into three groups: group A consisted of women with no more than 2 intramural or subserosal fibroids < 20 mm, group B consisted of women with no more than 2 intramural-subserosal fibroids > 20 mm, and group C included controls without uterine fibroids. Women in groups A and C were submitted to HRT, whereas women in group B received calcium carbonate tablets as placebo. Fibroids in group A and B showed a non-significant growth overtime (141.7 ± 37.8 vs. 147.5 ± 53.3 and 150.3 ± 58.7 vs. 156.0 ± 72.5 respectively). Also, the majority of fibroids in both groups remained unchanged throughout the study period (17/31, 54.8% and 19/31, 61.3%). When analyzing the bleeding patterns at 3 months, results showed that women in groups A and C had a lower incidence of amenorrhea (56.5% and 51.4%) when compared to the placebo arm (87.1%) and complained more frequently of AUB, which were also more severe than those in group B. However, at the sixth, ninth and 12th treatment cycles, the bleeding pattern was not significantly different between the three groups.
Yang et al. [38] conducted a prospective observational trial comparing the effects over 3 years of CEE 0.625 mg/day plus MPA 5 mg/day as opposed to no treatment on 72 postmenopausal women with uterine leiomyomas. Their findings demonstrated a slight trend towards myomas growth in postmenopausal women subjected to HRT in the first two years, without reaching a statistical significance compared to untreated women. During the third year of treatment, fibroids showed a mild volume reduction, again with no statistical significance. A relevant increase in fibroid size (more than 25% compared to baseline values) was observed only in 8.1% of HRT-treated women for a period of 3 years.
A large population composed of 159 women at least 2 months from their last spontaneous menstruation was studied by Ylostalo and colleagues [36] . They were divided into three study groups as follows: group 1 consisted of women who had been menopausal for less than 3 years and received 1 mg transdermal estradiol plus MPA 10 mg/day for 12 days every month; group 2 was composed of women at least 3 years postmenopausal, who received the same treatment as above; group 3 was also composed of women 3 years postmenopausal, subjected to the same estradiol dosage, but receiving MPA 10 mg/day for 12 days every 3 months. Eighty patients out of 159 were diagnosed with uterine fibroids >8 mm in diameter by transvaginal ultrasound. According to their data, myomas diameters increased overall by 26% during the first 6 months of HRT, compared to baseline values, but no further enlargement was detected over the last 6 months.
Schwartz and colleagues [37] published a retrospective case series including 14 women with a total of 23 uterine fibroids treated with different HRT regimens, either 0.625 mg CEE daily, 1 mg micronized estradiol daily or 50 mcg transdermal estradiol daily. As for progestins, patients received either MPA 10 mg daily for 12 days every month or MPA 2.5 mg daily continuously. The authors also selected seven women with a total of eight uterine fibroids who rejected HRT to serve as the control group. The mean follow-up period was 19.7 ± 6.3 months in the HRT group and 9.7 ± 1.7 months in the control one. Data from this study did not demonstrate any significant changes in mean myoma volume from baseline within each group, regardless of the HRT regimen. On the other hand, 17 out of the 23 myomas (73.9%) in the hormonally-treated patients increased during the study period, as opposed to the growth of only two fibroids in the control group (25%). Interestingly, the authors found within the same patient one myoma that grew and one that shrank over the study period, suggesting that relevant biological differences in myomas even in the same uterus.
Lastly, Chang et al. [18] recently studied the effects of different kinds of HRT on 32 patients with asymptomatic uterine fibroids, as opposed to 6 women who did not receive hormonal treatment. Women in the study group received either 0.625 mg CEE daily, or eastradiol-17-valerate, or transdermal estrogen (both via transdermal patch-50 mcg 17-β-estradiol daily-or gel-1.5 mg 17-β-estradiol daily). As for progestins, MPA 5 mg or micronized progesterone 200 mg were employed, either with a continuous combined method or a sequential cyclic method for 12 days a month. Myomas volume was assessed every 6 months for a period of one year. After 6 months, myomas in both groups increased in size, but the change was not statistically significant when compared to the baseline values. Again, no differences were detected based on the prescription method of estrogen or the progestogen protocol. A significant enlargement (more than 30% of change in volume) was diagnosed in 28.1% of patients. The only significant difference found by this study was noted between the oral estrogen method and the transdermal estrogen one: in fact, myomas in the oral estrogen group showed no change in 45.5% of patients, as opposed to only 10% of patients in the transdermal group, where up to 50% of cases showed an enlargement of myomas over the first 6 months.
The Role of Progestins
In a prospective trial by Sener and colleagues [14] , 40 menopausal women with at least one fibroid were randomized to receive two different HRT protocols: 22 patients in group I received transdermal estradiol 50 mcg/daily plus MPA 5 mg daily continuously, whereas 18 patients in group II were administered oral CEE 0.625 mg daily plus MPA 2.5 mg daily continuously. The size of fibroids was assessed before the treatment and after 12 months of HRT. Fibroids of women in group I showed a significant enlargement compared to baseline after 1 year (14.3 ± 5.9 mm vs. 19.7 ± 12.4 mm), while their diameter remained constant in group II (15.8 ± 6.3 mm vs. 15.7 ± 6.7 mm). Despite this, patients in group I still remained asymptomatic, and there was no difference in terms of spotting frequency and severity between the two groups. Moreover, the mean serum estradiol levels were significantly higher in both groups, with no relevant differences between the two treatment methods.
Polatti and colleagues [35] studied the effects of higher doses of progestins in a large cohort of 224 postmenopausal women. Among them, 150 did not have leiomyomas (groups A and B), whereas 74 were diagnosed with at least one fibroid measuring 2 to 4 cm on ultrasound (groups C and D). The four groups were further randomized into two treatment arms: groups A and C were administered combination of single-phase cyclic oral estradiol valerate 2 mg daily plus cyproterone acetate 1 mg daily for 21 days, whereas women in groups B and D received a cyclic schedule of transdermal estradiol 50 mcg/day for 21 days and MPA 10 mg/day from days 10 to 21 of cycle. The study period was 24 months, with transvaginal ultrasound evaluation at baseline and every 12 months. The combination of estradiol valerate and cyproterone acetate did not cause new myoma formation (group A), whereas 4 patients subjected to transdermal estradiol and MPA were newly diagnosed with leiomyomas after 12 months, with a mean size of 25.4 ± 1.2 cm 3 . Furthermore, while a non-significant increase in myoma volume at 12 months was noted in group C (18.6 ± 1.4 vs. 19.2 ± 1.1 cm 3 ), myomas in women subjected to transdermal estradiol and MPA grew significantly after the first year of treatment (19.3 ± 1.3 vs. 23.8 ± 0.9 cm 3 ). Uterine fibroids showed a mean volume increase of 4.8% in group C and of 25.5% in group D.
In the wake of this study and suspecting a central role of the progestin dose in the growth of fibroids in postmenopausal women, Palomba and colleagues [40] conducted a randomized controlled trial, enrolling 27 women with one or two leiomyomas with a mean diameter > 20 mm. Fourteen women in group A received oral micronized estradiol 2 mg/day plus MPA 2.5 mg/day, whereas women in group B received the same estrogen dose, but a doubled dose of MPA. Myoma dimensions (mm), incidence of amenorrhea and bleeding patterns (number and severity of AUB) were recorded every three months for one year. Myomas of patients who received the higher dosage of MPA showed a significant increase after 12 months, growing from 169.7 ± 85.1 to 201.3 ± 93.8 mm, whereas those in group A did not show statistically significant changes. Additionally, the incidence of amenorrhea and the number and severity of AUB resulted significantly different in both groups during the first 3 months, compared to those recorded at 6, 9 and 12-month evaluations, and bleeding patterns were overall similar between the two groups.
SERM
SERMs are a group of compounds that are able to elicit tissue-and target-specific responses, acting as estrogen receptors agonists or antagonists [42] . Having demonstrated a good tolerability profile and being effective in treating many climacteric symptoms, they have lower discontinuation rates than HRT [43, 44] . However, their impact on uterine fibroids is still largely unknown, especially in menopausal women.
Raloxifene is a second-generation SERM which exerts an estrogen antagonistic activity on the breast and the endometrium, but acts as an estrogen agonist in the bone. Its influence on fibromatous tissue was investigated in two studies by Palomba and colleagues [31, 32] .
In their first experience, the authors enrolled 62 postmenopausal women with 1-2 leiomyomas measuring > 20 mm; 31 of them were subjected to raloxifene 60 mg/day, whereas 31 received placebo.
After one year, leiomyomas volume in patients treated with raloxifene were significantly reduced in volume compared to the control group. Particularly, after 12 treatment courses a significant reduction in myomas size was noted in 83.9% of women. On the other hand, amenorrhea incidence and number and severity of AUB was comparable between the two groups.
In another prospective randomized double-blind trial [32] , the authors enrolling 40 postmenopausal women with one to two intramural leiomyomas. Patients were allocated to receive either raloxifene hydrochloride 180 mg/day or placebo. The study followed patients for 3 cycles of 28 days. At the end of the study, fibroids in patients who received raloxifene showed a significant size reduction (141.7 ± 37.8 vs. 116.3 ± 27.4 cm 3 ) both compared to baseline values and fibroids size in the control group, who were practically unchanged (150.3 ± 58.7 vs. 150.4 ± 58.0 cm 3 ).
Discussion
Uterine leiomyomas are the most common benign neoplasm of the female reproductive organs. Although their exact etiology remains uncertain, the expression of estrogen and progesterone receptors in their tissue has been demonstrated by several studies [18, [21] [22] [23] and the influence of sexual steroids on their formation and growth has long been hypothesized. During menopause, leiomyomas appear to shrink in volume, easing their burden on symptomatic women, who often require no treatment. In light of this, the use of HRT in women affected by fibroids has been debated, and many practitioners are still unwilling to prescribe HRT in this subset of patients.
This state-of-the-art review aimed to clarify the influence of different kinds of HRT on fibroids growth and fibroids-related symptoms after menopause, verifying whether a specific treatment method could be more appropriate in this instance.
Of the seventeen eligible studies found by our research, the majority had a prospective design, with nine being randomized controlled trials, whereas only two were retrospective studies. On the other hands, these studies were mostly conducted in the late 90s, had a small population and lacked a rigorous statistical analysis, having no power analysis, no clear randomization criteria and sometimes investigating different types of HRT at the same time. Moreover, many of these papers had a short-term follow-up, usually just 12 months. Thus, evidence from these studies should be taken with caution, making it difficult to draw general conclusion applicable to a large population.
Five studies investigated the effects of tibolone, a synthetic steroid which shows androgenic, estrogenic and progestogenic actions. In particular, three studies compared its influence on uterine fibroids with different regimens of HRT [28] [29] [30] . From the analysis of these data, tibolone appears to have no significant effect on myomas growth compared to placebo or estrogen-progestin therapy. Moreover, it is generally associated with fewer episodes of irregular spotting. However, only Fedele et al. [29] found a significant difference in terms of fibroids growth between tibolone-treated women and patients treated with estrogen-progestin therapy.
As for HRT, results are often conflicting. Some combinations of estrogen and progestin have exhibited a significant influence on fibroids enlargement, as well as in frequency of newly detected myomas in menopause [14, 35, 39, 40] . By contrast, several studies failed to demonstrate a significant increase in fibroids size, although a trend towards enlargement was noted [18, 33, 34, 37, 38] .
Interestingly, some of the studies that found a significant increase in fibroids dimensions used different progestin compounds [14, 35, 40] , often using MPA at different doses [14, 40] , confirming the pivotal role of progesterone on leiomyomas growth. In particular, Sener et al. [14] administered different dosages of MPA but also different estrogens (one group receiving oral estrogen, one transdermal estrogen), whereas the study groups of Palomba and colleagues [40] differed only in terms of MPA dose. However, both authors concluded that fibroids size was more likely due to the different progestogen doses rather than the different estrogens, and this is further supported by the fact that Sener et al. found similar serum estradiol levels in the two study groups [14] . Furthermore, Fedele and colleagues [29] reported not only a significant enlargement of fibroids in the group of patients subjected to a high dose of MPA (10 mg), but also of the mean number of fibroids after 12 months.
Some efforts have been made to try to discover a possible marker for fibroids growth during HRT. According to Colacurci et al. [33] , uterine artery pulsatility index at baseline could be a useful tool in predicting the risk of leiomyomas growth. In fact, the low resistance index found in uterine arteries of women with fibroids was correlated to a higher risk of fibroids growth during HRT. On the other hand, Gregoriou et al. [19] did not show any relevant correlation between PI values at baseline and the risk of myomas growth, arguing that PI could not be effectively relied upon.
As for SERMs, raloxifene has demonstrated an inhibitory effect on fibromatous tissue [31, 32] , both in animals and humans. However, only two studies investigated its effects on leiomyomas, and both for a short period of time.
Conclusions
To date, a wide variety of therapeutic options are available to treat menopause-related symptoms. The choice of the most appropriate therapy is crucial for women with uterine fibroids, especially those who were symptomatic and who already have large fibroids. Given the unevenness of available data, it could be argued that uterine myomas might be influenced by HRT, without representing an absolute contraindication to treatment. Indeed, several authors encourage the use of HRT in postmenopausal women with fibroids. However, these patients should be regularly subjected to a thorough follow-up, including transvaginal ultrasound for the monitoring of myomas size, and HRT should be discontinued if an increase in size of uterine fibroids is documented. Moreover, according to some authors it would be better to administer the minimal effective dose of progestin during HRT, to minimize the risk of fibroids growth. 
